Cognitive ability in early adulthood predicts systemic inflammation in middle age: The Vietnam Experience Study by Phillips, Anna et al.















1School of Sport and Exercise Sciences, University of Birmingham, Birmingham, England
2Department of Epidemiology and Public Health, University College London, London, England














We examined the prospective association between cognitive ability in early adulthood and erythrocyte sedimentation rate, a marker of inflammation, in middle age.   Participants were 4256 male Vietnam era US veterans.  Data on cognitive ability, assessed by the Army General Technical Test, ethnicity, and place of service were extracted from enlistment files.  Smoking behaviour, alcohol consumption, basic socio-demographics, and whether participants suffered from a physician diagnosed chronic disease were determined by telephone interview in middle-age in 1985.  Erythrocyte sedimentation rate, cholesterol, blood pressure, height, and weight were measured at a 3-day medical examination in 1986.  In linear regression models that adjusted for age and then additionally for circumstantial, socio-demographic, lifestyle, and health factors, poor cognitive ability in early adulthood was associated with greater erythrocyte sedimentation rate in middle age, β = -.09.  Thus, it would appear that not only does systemic inflammation affect cognition, but also that poor cognitive ability earlier in life increases the risk of developing inflammation. 
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1. Introduction 
     Systemic inflammation has been implicated in cognitive impairment and dementia.  Much of the research has focused on the association between cognition and C-reactive protein (CRP), an acute-phase protein synthesised in the liver.  CRP has a variety of functions but is now widely used as a marker of chronic inflammation.  A review of six mainly small scale studies of CRP and cognitive disorders revealed that high concentrations of CRP were associated with cognitive decline and dementia (Kuo et al., 2005).  Since then, two large scale studies have shown cross-sectional  ADDIN EN.CITE (Schram et al., 2007) and prospective (Laurin et al., 2009) associations between elevated CRP and poorer cognitive function.  However, whether a causal pathway from CRP to cognitive function is the only possible explanation for these associations remains contentious.  Recently, in a substantial cross sectional analyses, CRP was, as hypothesised, negatively related to cognitive performance at age 70; however, the association was largely accounted for by childhood cognitive ability  ADDIN EN.CITE (Luciano et al., 2009).  In addition, childhood cognitive performance was a strong predictor of later life inflammation  ADDIN EN.CITE (Luciano et al., 2009).  This clearly raises the possibility of reverse causation.
     Erythrocyte sedimentation rate (ESR), another marker of inflammation, has largely been ignored in the context of inflammation and cognition.  ESR is a measure of the aggregation of erythrocytes and their rate of sedimentation in a test tube, which is determined by the increase in proteins, such as fibrinogen and globulins.  As a consequence, ESR is subject to less rapid change than other inflammatory markers, such as CRP, and, accordingly, is likely to be a more stable indicator of systemic inflammation (van Leeuwen and van Rijswijk, 1994).  Only one study that we know of has examined the association between ESR and cognitive ability (Karlsson et al., 2010).  In a very large sample of Swedish army draftees, a negative cross-sectional association was observed, such that those with higher ESR values, indicative of greater systemic inflammation, showed lower cognitive abilities.  Unfortunately, there were no earlier or later measures of cognitive ability or ESR in this study, and so it offers few clues regarding the direction of causality.  However, there was an association between childhood socioeconomic position and ESR in young adulthood.  Childhood socioeconomic position is associated with cognitive ability (Kaplan et al., 2001) and its inclusion as a covariate in the Swedish study attenuated the association between ESR and cognitive ability (Karlsson et al., 2010).  This would imply that an effect of cognition on later ESR is at least a possibility. 




     Participants were Vietnam era male military veterans.  The effective sample size was 4256.  Ethical approval for the study was given by various bodies, including the US Centers for Disease Control and participants gave informed consent.  Details of sampling at each stage of data collection are described more fully elsewhere  ADDIN EN.CITE (Batty et al., 2008; Phillips et al., 2009).  Inclusion criteria were: entered military service between January 1, 1965 and December 31, 1971; served only one term of enlistment and at least 16 weeks of active duty; earned a military specialty other than “trainee” or “duty soldier”; had a military pay grade at discharge no higher than sergeant.  
2.2. Data collection
     Information on place of service, Vietnam, other overseas, US only, ethnicity, white, black, other, and cognitive ability was extracted from the military archives.  On induction, i.e., during early adulthood, participants completed the Army General Technical Test (Montague et al., 1957), which consists of verbal and arithmetic reasoning items and generates an intelligent quotient (IQ) score (Weiss et al., 2009).  The mean age when IQ was assessed was 20.4 years (range: 17.0 to 33.8).  From a telephone survey in 1985, socioeconomic position was measured using household income in midlife and the grade from which participants left school.  Participants were also asked if they suffered from a range of somatic physician-diagnosed health problems: diabetes, hypertension, coronary heart disease, and cancer.  Alcohol consumption, smoking habits, and marital status were ascertained using standard questions.  
    In 1986, participants underwent a thorough 3-day medical examination.  Mean age at medical examination was 38.3 yr. (range: 31.1 to 49.0).  Participants fasted from 7 pm on the previous evening until blood was drawn the following morning.  From the fasted blood sample, cholesterol was determined using a Kodak Ektachem 700 autoanalyzer (The CDC, 1988a, b).  ESR was measured using the Westergen method.  Briefly, venous blood was mixed with an aqueous solution of sodium citrate and the mixture allowed to stand in an upright standard pipette for an hour, following which the number of millimetres the cells had descended was measured.  The laboratory assays were assured by using bench and blind repeat controls.  The bench controls yielded coefficients of variation that were all < 10%.  The blind repeat tests were run for one in 20 randomly chosen samples; the correlations between first and repeat samples for were > .95.  Assays were conducted at the Clinical and Research Division, Department of Laboratories, Lovelace Medical Foundation generally 24 hours after blood sampling.  Blood pressure was measured twice in the right arm using a sphygmomanometer and an average computed.  Height and weight were determined to calculate body mass index (BMI, kg/m2).  
2.3. Statistical analyses
    Given that the ESR data were slightly skewed, they were subjected to natural log transformation for the purposes of statistical analysis. We tested multiple linear regression models, with lognESR as the dependent variable and cognitive ability, i.e., IQ score, as the independent variable.  First, we tested a hierarchical model that at step 1 adjusted only for age.  IQ was entered at step 2.  Second, we tested a further model that, in addition to age, adjusted at step 1 for smoking, alcohol consumption, place of service, ethnicity, marital status, household income in midlife, education grade achieved, body mass index, cholesterol, systolic blood pressure, chronic disease (i.e., physician diagnosed diabetes, hypertension, coronary heart disease, and cancer).  IQ was again entered at step 2.  

3. Results
    The characteristics of the sample are presented in Table 1.  For the purposes of the Table, the raw ESR summary data are presented.  In the linear regression model adjusting only for age, IQ score in young adulthood significantly predicted ESR in midlife, β = -.20, t = 13.07, p < .001, ΔR2 = .039.  Thus, the poorer the cognitive ability, the greater the ESR.  The association is illustrated in Figure 1 which presents the raw ESR data for quartiles of IQ and shows a clear negative dose-response relationship.  In the model which, in addition to age, adjusted for all the other covariates, the association between IQ in early adulthood and ESR in midlife was attenuated but remained statistically significant at conventional levels, β = -.09, t = 5.14, p < .001, ΔR2 = .005.  The full regression model is presented in Table 2.  In addition to cognitive ability, ESR was positively associated with age, alcohol consumption, smoking, systolic blood pressure, cholesterol, BMI, and having a physician diagnosed chronic disease.  Further, a greater ESR was characteristic of those who were non-white and those with low household incomes in midlife.  In order to determine which of the covariates was most attenuating the association between IQ and ESR, 11 further age-adjusted regression models were tested in which each of the covariates were entered separately.  In all of these, the significant association between IQ and ESR was preserved and no single covariate greatly reduced the strength of the association, βs ranged from -.17 to -.20, p < .001 in all cases.  Thus, it would appear to be the combined effect of a number of covariates that was attenuating the association between IQ and ESR in the fully adjusted model.  In the separate models, ESR was positively associated with age, low household income in midlife, being non-white, high alcohol consumption, smoking, systolic blood pressure, cholesterol, BMI, and having a physician diagnosed chronic disease.  The strongest associations with ESR were observed for smoking, BMI, and cholesterol, βs ranged from .16 to .25, p < .001 in all cases.   

[Insert Tables 1 & 2 and Figure 1 about here]

4. Discussion
     The present analyses revealed that cognitive ability in early adulthood was related to ESR in middle age among male Vietnam era veterans: the lower the cognitive ability, the greater the subsequent ESR.  To our knowledge, only one previous study has examined the association between cognitive ability and ESR (Karlsson et al., 2010).  In a large sample of young Swedish army draftees, cognitive ability and ESR were again found to be negatively related.  However, these analyses were cross-sectional and, accordingly, were unable to shed light on the direction of causation.  The present prospective association suggests the possibility of reverse causation, such that low cognitive ability increases the risk of later systemic inflammation.  Other investigators have argued this case.  In a study of another inflammatory marker, fibrinogen, premorbid cognitive ability was found to be more strongly associated with fibrinogen than contemporary cognitive ability  ADDIN EN.CITE (Rafnsson et al., 2007).  Similarly, the cross-sectional association between cognition and CRP and fibrinogen in later life was found to be largely accounted for by childhood IQ  ADDIN EN.CITE (Luciano et al., 2009).  
     This is not to deny that there is evidence linking markers of inflammation earlier in life with subsequent cognitive decline  ADDIN EN.CITE (Laurin et al., 2009; Rafnsson et al., 2007).  However, the present study, like those cited above, additionally point to reverse causation, whereby poor early cognitive ability increases the risk of inflammation later in life.  After all, childhood and early adult cognitive ability predict several physical health outcomes, including death from inflammatory diseases  ADDIN EN.CITE (Hart et al., 2004; Whalley and Deary, 2001).  What might this reverse causal pathway be?   It has been argued that poorer cognitive ability earlier in life may contribute to systemic inflammation through its association with health knowledge and lifestyle (Beier and Ackerman, 2003).  Such lifestyle, smoking and alcohol consumption, and lifestyle related, systolic blood pressure, cholesterol, BMI, factors were related to ESR in the present study.  Nevertheless, the association between cognitive ability in early adulthood and ESR in middle age, although attenuated, was still statistically significant following adjustment for such factors, as well as for socio-demographics and physician diagnosed chronic disease.  Another possibility is that poor cognitive ability reflects suboptimal physiological integrity more generally  ADDIN EN.CITE (Luciano et al., 2009).  Thus, it is this compromised immune, endocrine, and cardiovascular system integrity that renders individuals more prone to inflammation in later life.  However, such speculation, should be treated with caution as there is, as yet, no direct evidence that poor cognitive ability has broader biological ramifications.  
     The present study has a number of limitations.  First, only men were included and thus the issue of generalisation arises.  However, the only other published study on cognitive ability and ESR also included just men (Karlsson et al., 2010).  Nevertheless, comparable analyses for women would be informative.  Second, the current sample was fairly homogenous socioeconomically.  However, there was sufficient variation in household income in midlife, for it to be significantly associated with ESR in the expected direction.  Third, the sample was relatively young and inflammation is a disease of ageing (Bruunsgaard and Pedersen, 2003).  Nevertheless, the mean ESR was comparatively high, a result not explainable by outliers.  Further, over 6% of these veterans had values that met the clinical criterion for high ESR  ADDIN EN.CITE (Boscarino, 2008).  Finally, only one inflammatory marker was measured, and no data were available on CRP or inflammatory cytokines.  However, as we have argued earlier, because it is determined by several different proteins, ESR is less labile than many other markers and may better reflect chronic systemic inflammatory status (van Leeuwen and van Rijswijk, 1994).  
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Table 1. Participant characteristics
Variable	Mean	SD
Erythrocyte sedimentation rate in mm/hr	36.95	17.33
Age at enlistment in years	20.4	1.73
Age at medical examination in years	38.33	2.52
Body mass index in kg/m2	25.93	3.74
Systolic blood pressure in mmHg	123.01	12.04
Cholesterol in mmol/l	5.50	1.08
Units of alcohol per week	7.08	14.42
Standardised IQ score from enlistment	101.37	15.19
	Percent	
Ethnicity                                              white                                                             black                                                             other	82126	
Place of service                              Vietnam                                              other overseas                                                        US only	552619	
Smoking status                                smoker                                                    ex smoker                                                  non smoker	462826	
Education grade                                    ≤ 11                                                                 12                                                              > 12	123751	
Household income midlife          ≤ $20,000                                       $20,000 - $40,000                                                    > $40,000	285022	
Marital status                                  married                      divorced/separated/widowed                                              never married	74188	
Physician diagnosed chronic disease	13	


Table 2. Predictors of erythrocyte sedimentation rate in the fully adjusted regression model
Step 1	β	p	R2
Age at medical examination in years	.047	.001	
Body mass index in kg/m2	.138	<.001	
Systolic blood pressure in mmHg	.042	.006	
Cholesterol in mmol/l	.218	<.001	
Units of alcohol per week	.059	.001	
Ethnicity                                                                                                                 	.100	<.001	
Place of service                                                                                                                	-.011	.416	
Smoking status                                                                                                                 	.176	<.001	
Education grade                                                                                       	-.013	.444	
Household income midlife	-.050	.002	
Marital status                                                 	.012	.402	
Physician diagnosed chronic disease                                                                   	.035	.014	.163
Step 2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